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Abstract 
 We have prepared Cu, Co, Fe, Cu/Co, Cu/Fe and Co/Fe on alumina-supported 

catalysts using sol-gel/oil-drop methods. Synthesis was carried out using both aluminum 
tri-sec-butoxide (ALTSB) and aluminum tri-iso-propoxide (ALTIP), and compared.  The 
optimum calcination temperatures were studied by differential thermal analysis (DTA) 
and found to be below 450 ºC. We have developed methodologies for screening 
promising catalysts using a gas phase flow reactor connected to GC. We have used 
several other columns attached to GC to analyze compounds such as hydrocarbons and 
alcohols and measured their concentrations. We have used a slurry phase reactor to obtain 
kinetic data for the promising catalysts.  

The particle size and metal loading of granules were studies by scanning electron 
microscopy (SEM) and energy dispersive X-ray (EDX) analysis.  The metal loading 
results were used to optimize the synthesis to obtain consistent metal compositions. The 
catalysts were investigated by powder X-ray diffraction (PXRD) and the results showed 
nano-particle nature of the metal oxides. We have modified sol-gel method to prepare 
nano-particle catalyst using commercially available nano-particles FeO and CuO, and to 
disperse them in alumina sol. We have compared the CO/H2 conversion of sol-gel 
prepared nano-particle catalysts: 1) metal solution derived and 2) commercial nano-
particle-oxides incorporated. Both types of these nano-particle catalysts showed 
comparable and higher conversion rates than the conventional catalysts prepared by co-
precipitation methods. 

We modified sol-gel method to thin film deposit metal nano-particles on micro 
reactors and studied the CO/H2 conversions at micro scale and investigated feasibility of 
using micro reactors in catalyst screening.  The CO/H2 conversion of a micro-reactor 
coated with a sol-gel metal thin film has been compared with Co and Fe sputter coated 
reactors using GC/MS analysis of products. 

We have modified sol-gel method for large-scale preparation of promising Co/Fe 
nano-particle catalysts. Comparative study of the ferromagnetic component of Co/Fe 
reduced and post-reaction catalysts were undertaken using a vibrating sample 
magnetometer (VSM). The magnetic results gave information on the reduction efficiency 
and the changes in metal centers during catalytic reactions. Catalyst with mixed metal 
Co/Fe compositions at 12% (prepared by sol-gel/oil- drop and metal solutions) showed 
the best conversion rates for the syngas conversion. Based on VSM results, Co is easily 
reduced and does not get deactivated compared to Fe. In mixed metal Co/Fe composition 
Co has higher metal loading than Fe, which could be explained in terms of solubility of 
metal hydroxides formed during sol-gel preparation. The mixed metal catalysts showed 
higher syngas conversion compared to the pure metal catalysts. 
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Catalyst Preparation Catalyst Characterization

Preparation of Precursor Sol
25mL distilled water heated to 75-80 °C
Add 13 mL Aluminum tri-sec-butoxide or 10 g of  tri-iso-
propoxide 
Add 4 mL 1M HNO3
Reflux for 14 hours

Preparation of sol-gel and gel shaping
Add 5mL 1M HNO3
Add Co(NO3)2, Fe(NO3)3, or CuNO3 solution or nano-particle 

metal oxides CuO or Fe2O3
Drop into mineral oil/ammonia solution. Filled with mineral oil 

at about 100 °C and one-fourth of cylinder length at the bottom 
filled with 8-10% NH3/metal ion solution at room temperature.
Obtaining Granules:

Filtration followed by washing with cold and alcohol.  Then 
dried at 50 °C for 48 hours. Finally calcined at 450 °C.  Tri-iso-
propoxide is easier to use, however calcination should be done at 
slower rate compared to aluminum tri-sec-butoxide to avoid 
disintegration of granules

DTA Analysis
---Thermogram
---Temperature

DTA data showed that calcination is complete at 400oC.
•Thermal peaks (~233oC) assigned to the decomposition of 
Co(OH)2 to CoO.

•Mixed metals showed several peaks in the range (~230-260oC).

Hydrogenation of Catalysts
Hydrogenation Cycles

Hydrogen gas passed over the catalyst heated to 400 °C, 2 hrs.
Catalyst dried and water removed by vacuum suction at 400 °C, 
1hr
Hydrogen gas passed over the catalyst heated to 400 °C, 2 hrs.
Catalyst dried and by vacuum suction at 400 °C, 1hr.

PXRD Analysis: 12% Fe on Alumina Supported Catalyst

Surface Area Analysis

EDX Analysis: Metal Loading

PXRD showed broad peaks of 
alumina and almost no peaks 
for metal oxides until the 
compositions were over 12%.
Weak peaks for metal oxides 
indicate lack of regular lattice 
spacing and/or smaller particle 
size of metal oxide particles. 
PXRD data supports that 
metal oxide particles are in the 
nano-particle range.

Metal Composition Surface Area
Co(%)w/w 4 350
Fe(%)w/w 4 310
Co/Fe(%)w/w 2:2(4) 351
Surface area is basesd on N2 desorption
m2/g. Nova 3000

Brunauer-Emmett-Teller 
(BET) method is using N2

desorption.
Surface area of the 
catalysts were high in the 
range 250-350 m2/g.
Pore structures are in the 
mesoporous range.

Metal Composition EDX %
Co(%)w/w 4 20
Fe(%)w/w 4 140
Co/Fe(%)w/w 2:2(4) 30:29(59)
EDX Energy Dispersive X-ray Analysis

Increasing metal concentration 
in the bottom aqueous ammonia 
solution increase the metal 
loading.
In Co/ Fe mixtures Co 
interferes and reduces the Fe 
metal loading, which could be 
due higher solubility of Co 
metal hydroxides formed 
during sol-gel preparation.

Sol-gel and metal solution prepared granules contain nano-particle 
metal catalysts. Sol-gel and nano-metal oxide prepared granules 
have similar characteristics. Nano-particle metal oxide method  
yields higher metal loading.

The metal oxide peaks are 
prominent in sample annealed 
at 450 °C (bottom).

Specific metal loading, as 
determined by EDX,  is 
reproducible.

Catalysts granules could be made either by aluminum tri-sec-
butoxide or  tri-iso-propoxide. Latter is easy to use but needed a 
slower calcination step to maintain comparable granular 
characteristics. Sol-gel procedure was modified to prepare granules 
using  Sol-gel and nano-metal oxide. 



Granular and Magnetic CharacteristicsCatalytic Activity
GC Analysis of  (non-polar) Gases 

SEM of γ-alumina granules at 
50 X. Average granule size ~1 

mm.

SEM of granular surface at 60,000 X 
showing porous structure and 50 nm 

particles.

Granular Characteristics

1) 60/80 Carboxen-1000  15 ft. X 1/8 in 

SS 2.1 mm ID)  Oven Temperature:

35ºC-225 º C Carrier: He  Detector : TCD

2) Teklab

SS 2.1 mm ID)  
Oven Temperature:

135ºC Carrier: He  
Detector : TCD

Chromatogram of standard sample for calibration

Co/Fe 12% 5g 10 ml of Silicon 50 psi H2 25 psi CO 25 psi N2 Products  CH4, 
CO2 and alkanes. Chromatogram of Co/Fe catalyst heated for 24 
hours

Magnetic Characteristics

Magnetization of Fe/Co (12%) catalysts: Reduced 
After slurry-phase reaction.
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CO conversion data for catalysts prepared by sol-gel 
solution method

Metal Composition Catalytic activity
Cu 39%
Co 55%
Fe 48%

Cu/Co 43%
Co/Fe 79%
Cu/Fe 41%

-1 .5 10 -1 10 -5000 0 5000 1 10 1 .5 10

Energy Depressive X-ray Analysis and Magnetization Results

Comparison CO conversion by catalysts prepared by
sol-gel and co-precipitation methods

Metal Sol-gel Co-precipitation
Co 55% 44%
Fe 48% 42%

Co/Fe 79% 60%

Comparison CO conversion by catalysts prepared by sol-gel 
method starting from metal solution and nano-metal oxide.

Metal Metal Solution Nano-metal oxide
Cu 39% 43%
Fe 48% 52%

Cu/Fe 41% 47% Conclusions
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•The nano-particle nature of catalyst and support was confirmed by 
SEM and X-ray diffraction indicating a higher porous structure and 
its mesoporus nature. 
•Catalyst with mixed metal Fe/Co compositions at 12% (prepared by
sol-gel/oil- drop and metal solutions 12% showed the best conversion 
rates for the syngas (CO+H2). 
•Nano-particle catalysts on sol-gel prepared meosporus γ-alumina
showed higher conversion rates compared to conventional catalysts 
prepared by co-precipitation methods. 
•Magnetization studies of post-reaction Co and Fe nano-catalysts 
showed that the formation of carbides is higher Fe compared to Co.•Catalyst with mixed metal Fe/Co(6%/6%) compositions at total 12%

(prepared by sol-gel and metal solutions 12% showed the best conversion 
rates for the syngas (CO+H2). 
•Nano-particle catalysts on sol-gel prepared meosporus γ-alumina showed 
higher conversion rates compared to conventional catalysts prepared by 
co-precipitation methods. 
•Catalyst with mixed metal Fe/Co(6%/6%) compositions at total 12%
(prepared by sol-gel and nano-particle metal oxide 12% showed slightly 
higher or comparable conversion rates for the syngas (CO+H2) compared 
to sol-gel and metal solutions prepared catalysts.
•The amount of higher alkanes increased with increasing CO/H2 ratio: 1:2, 
2:3 and 1:1.
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